large vacuole in the " castration cell " was seen to contain a network of fine blue fibrils so that it appeared to be made up of a great number of small vacuoles.
(2) The injection of cestrone, even in big doses of 180 I.U., into normal male rats had no influence on the histological appearance of their hypophyses in spite of the increased weight of these glands.
(3) After cestrone injection into castrated male rats there was a return towards the normal histological appearance in the pituitary glands; the basophil cells were still large and greatly increased in number, but the castration cells" were almost absent.
In none of these glands could we recognize any changes in the acidophil or chromophobe cells.
(4) In ovariectomized females after large doses (180 I.U.) of cestrone, there was a return towards normal appearance in the pituitary glands, although it was less pronounced than in treated castrated males. No changes were noticed after injection of small doses (20 I.U.) of cestrone in ovariectomized females.
(5) No histological effect was produced in the pituitary glands by injection of synthetic testicular hormone (in the doses used) into castrated male rats. [March 12, 1935] DISCUSSION ON THE TREATMENT OF ANGINA PECTORIS Dr. T. F. Cotton: The treatment of angina is based on an orthodox, and what I believe to be a rational, conception of the pathology of this malady. Many hypotheses advanced in the past to explain the mechanism of anginal pain have been abandoned, and have been replaced by the conception that the cause of the pain is a problem of disordered coronary circulation and its consequences. The evidence which is now available shows that the origin of the pain is in the heart muscle, and is produced by a chemical stimulus which has accumulated in the tissues of the heart as a result of a reduced blood-flow in the coronary vessels. The contracting heart muscles, under conditions of insufficient blood-supply, are responsible for the pain; when the circulation is restored the heart muscle is supplied with sufficient aerated blood, the pain stimulus is no longer active, and a recovery takes place. There is good experimental evidence to support the hypothesis that the pain of angina is due to a relative myocardial ischBemia. The observations of Lewis and his co-workers on intermittent claudication support this theory of anginal pain. They have demonstrated beyond reasonable doubt that essentially the cause of the pain, its character and type, are the same in the two conditions. When the arteries of a limb are diseased, pain can be provoked by exercise more easily than in a limb with healthy arteries. A similar process takes place in heart muscle. In acute obstruction of a coronary vessel pain develops rapidly, it is continuous, and can be linked with an inadequate blood-supply to the heart muscle; the area involved is in a state of circulatory arrest. Lewis has clearly shown that in angina and intermittent claudication the relationship between pain and vascular changes is the same. He has proved that the pain of angina may be independent of a rise in blood-pressure, and can, in certain circumstances, be closely linked with an increase in the pulse-rate; that the pain is more easily provoked in cold weather and on a windy day, because the patient walks faster and makes a greater effort. The pain after a heavy meal is not due to a loaded stomach, but is caused by an increase in the blood-flow in the abdominal vessels as an aid in the process of digestion. It is clear, from the investigations in his laboratory, that the anaemic patient is a potential anginal subject; that pain, anginal in character, can be induced by exercise because the supply of oxygen in the blood is not sufficient to meet the demands of contracting heart muscle. The problem of explaining the mechanism of anginal pain has been attacked by provoking and relieving the pain under controlled conditions; by this method of procedure the factors determining the symptomatic reaction of the patient have been accurately defined. We may accept the hypothesis that some chemical or physiochemical reaction takes place in the heart muscle deprived of its proper bloo ¶i-supply, and that in consequence there accumulates in the tissues of the myocardium what has been described as a pain factor. With the circulation restored, the cause of the pain is no longer in action, and recovery takes place.
It must not be thought that the recent advance in our knowledge of this malady has come from experimental methods of investigation alone; clinical observations have played a large part in consolidating our views regarding the causation of anginal pain. The coronary occlusion syndrome, as a distinct clinical entity, is a conspicuous example of accurate observations made at the bedside, which have proved of the greatest value in the treatment of a large group of anginal patients. Although a position of complete security of diagnosis has not yet been reached, we know enough about the mechanism of the production of angina to treat this malady in a rational way. We can recognize three types of angina, and treatment is based on their identification; they are coronary thrombosis, spasmodic angina, and angina of effort.
It may be helpful in this discussion if I approach the problem of the treatment of angina in some of its broader aspects and confine my remarks to some extracardiac factors and the part they play in the anginal syndrome. If it is true that the heart muscle is the seat of the pain and that the cause is a disturbed coronary circulation, it is also true that these circulatory events may be closely related to structural changes and functional disorders in other parts of the body.
The similarity of the symptoms of gall-bladder disease and other disorders of the digestive tract, to those of angina, and particularly of coronary thrombosis, is one of the real difficulties with which we are faced in the diagnosis and treatment of coronary disease. Pain, a presenting symptom, is a distinctive feature of the clinical picture in these cases, and if the diagnosis is to rest on a secure basis, the cause must be known, the mechanism explained, and the results of treatment established. When the gall-bladder is the known seat of disease and the pain is typical of gall-stone colic, without going beyond the facts, the requirements for diagnosis and treatment are fulfilled. When pain resembling an anginal seizure occurs in a patient with gross structural disease of the heart, and there is clinical and X-ray evidence of gall-bladder disease, unless the pathological relationship between the gall-bladder and the heart muscle can be defined, the diagnosis of angina pectoris may remain obscure. The diagnosis is more uncertain when characteristic anginal pain develops in a patient with gall-bladder disease and an apparently healthy heart, for we know how frequently anginal subjects present no signs of structural disease of the cardiovascular system. If, as often happens after the removal of the gall-bladder in this type of case, the anginal pain does not recur, and health is restored, is it reasonable to assert that the pain due to a reduced bloodflow in the coronary vessels, from vasomotor or toxic influences, can be directly or indirectly related to the diseased gall-bladder ? Is there justification for assuming that anginal pain in these circumstances must be related to a coronary circulatory defect ? A third question, it may be thought, requires an answer-is the pain a gallbladder pain throughout the attack, and not linked with any disorder of the coronary circulation ? If one takes the view that the gall-bladder may be the cause of the anginal pain, there is the supporting evidence of patients with angina who have no recurrence of pain after the gall-bladder has been removed. I have records of 27 cases with anginal pain and gall-bladder disease. In 10 cases operated upon, gallstones were found in nine, and in all but one there was recovery from the chest pain; in one case effort angina was less easily provoked. In five other cases gall-stones were visualized, and two of these had less anginal pain as a result of a cholecystitis r6gime. In 12 cases the diagnosis of gall-bladder disease was made on the clinical history without an X-ray examination. The evidence on which to base a certain diagnosis of gall-bladder disease is lacking, and for this reason I do not wish to emphasize the gall-bladder element in the anginal syndrome in these 12 cases until further information is obtained. There was slight enlargement of the heart in three of the 15 cases, and there were electrocardiographic changes in three cases with suggestive, but not distinctive, coronary signs. It does not seem to me to be too speculative to accept the view that the causes of anginal pain can be controlled by a cholecystectomy. I believe that gall-bladder disease and anginal pain may be pathogenetically correlated, and are not separate phenomena. If this theory is acceptable it is fair to assume that structural disease in other abdominal viscera may present a similar relationship. Renal colic, prostatic obstruction, and duodenal ulcer are maladies not infrequently associated with pain of anginal character, which does not recur after operation. Anginal pain may be less easily provoked after recovery from a functional disorder of the gastro-intestinal tract.
I have observed much less anginal pain in a patient after sprue, without anamia, has been recognized and treated.
If we are led, from clinical observations, to conclude that anginal pain may develop from a diseased gall-bladder, this conclusion would be strengthened if evidence could be supplied to show how the circulatory changes, which are responsible for the pain, arise.
The stimulus must be mechanical, chemical, or nervous. It is unlikely, for anatomical reasons, that a mechanical factor, except by releasing a nervous mechanism, can produce a reduced blood-flow in the coronary vessels. We have evidencethat a chemical stimulus can disturb the action of the heart; it is well known that auricular fibrillation may be of toxic origin. We are all aware of the close relationship between an infection and coronary disease. Sepsis may be held responsible for pathological changes in the coronary vessels.
Evidence in favour of the view that nervous influences alone may affect the vasomotor tone of the coronary arteries is not lacking. A generalized vasoconstriction, including the coronary vessels, may cause an anginal seizure. A painful, or some other, stimulus from a diseased gall-bladder may produce, reflexly, a vasoconstriction, and as a sequel, myocardial ischaemia and anginal pain. It is difficult to understand how the release of a mechanism of this kind can be the cause of angina when the coronary vessels are healthy, for it is only in exceptional cases that structural changes in the gall-bladder can provoke an anginal attack. It is probable that these patients are potential anginal subjects with unrecognized coronary changes. The same argument may be applied in discussing angina in relation to other disorders of structure and function of the gastro-intestinal tract.
Clinical observations have demonstrated the value of a thyroidectomy in the treatment of angina. Good results from the complete removal of a healthy thyroid gland have been recorded by Levine and others. Post-operative myxcedema seems to have been effective in preventing anginal attacks or lessening their frequency. It is known that intramuscular injection of adrenalin will provoke an anginal seizure in an anginal subject. Levine hasshown that when adrenalin was injected after operation there was no complaint of pain. He concludes from observation on five cases that control of the anginal pain is not due to a lowering of the basal metabolic rate, or to change in the rate of the blood-flow, but can be attributed to an altered reaction of the cardiovascular system to adrenalin. When we come to consider anginal patients with thyrotoxicosis, there can be no doubt that a thyroidectomy is indicated. One would be justified in advising a total thyroidectomy, as in the non-toxic cases, and not a subtotal thyroidectomy.
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Proceedings qf the Royal Society of Medicine I should like to refer briefly to angina in its relation to aniemia. In these patients the oxygen-carrying power of the blood is reduced, the heart is deprived of its proper blood-supply, and the cardiac muscle is virtually in a state of relative myocardial ischsemia. An effort angina may be provoked by physical effort, and recovery takes place when the anemia has been treated. In severe anaemia anginal pain is not an uncommon complaint. Pickering and Wayne, from observations on patients with a haemoglobin of 50% or less, conclude that effort angina in these cases is mainly due to a reduced oxygen-carrying power of the blood; that a fall in the mean blood-pressure or increased blood-flow are not essential features in the production of pain. Anginal pain is more likely to occur when the coronary arteries are diseased, and recovery after treatment with iron or liver may be expected when the coronary arteries are healthy. Improvement may be observed when there is narrowing of these vessels. These are important observations, and support the theory that the seat of the pain is in the tissues of the contracting heart muscle.
I would like to make one or two observations about diabetes in its relation to angina. The middle-aged and elderly diabetic with anginal pain has arterial degeneration which may be due to other causes than diabetes. There can be little doubt that nutritional changes in the tissues of the body can be linked witb the two phenomena arteriosclerosis and hyperglycamia. In the heart muscle there is much glycogen; in diabetes it is reasonable to assume that the supply of glycogen is less than is required for the functional efficiency of the myocardium. Insulin would seem to be indicated to restore the carbohydrate balance and in this way aid in the nutrition of the heart muscle deprived of its proper blood-supply from coronary disease. There is easy justification for prescribing insulin for anginal patients with hyperglycaimia as a remedial measure in the treatment of anginal attacks.
Dr. Crighton Bramwell: Benign cardiac pain.-I propose to confine my remarks on the treatment of cardiac pain to certain general considerations, and to leave to Dr. Hoyle the important question of drug therapy. To clear the ground I must first refer to the condition known as "false angina"; and in so doing, I would strongly advocate the abolition of this terminology. I dislike intensely the diagnosis " false angina,' because the word " angina," however qualified, suggests to the lay mind the idea of sudden death, and no one has ever died of false angina. It has been truly said that it is the diagnosis and not the angina which is false.
(a) Anxiety neurosis: If one excludes dyspeptic symptoms such as heartburn, the most common causes of pain simulating angina are two in number. Of these the first is anxiety neurosis. The neurotic type of pain is the result of suggestion. It is most common in people whose relatives or intimate friends have suffered from angina, and can generally be recognized by the fact that it fails to reproduce accurately the clinical picture of organic disease. It differs from angina in its age-incidence, being common before the age of 40, and in the fact that it affects women more frequently than'men. The treatment of this type of pain is purely psychological. It consists of convincing the patient that there is no disease of the heart, and therefore no cause for anxiety. At the same time it is desirable to explain to her the way in which her symptoms have arisen, and to impress upon her the fact that, since she now realizes that her symptoms are of no material significance, they will gradually fade out of her conscious life.
(b) Heartache.-The second common cause of praecordial pain is general nervous exbaustion. The title "heartache" may appropriately be applied to this type of pain on account of its nagging and persistent character. Like the pain of anxietyneurosis, it is much commoner in women than men. The pain is usually referred to the left sub-mammary region, and not infrequently radiates through to the back or passes down the left arm. The time relations of heartache serve to differentiate it from angina in that the pain occurs not during, but after, exertion. It is usually at its worst in the late afternoon and evening, when the patient is tired. It often persists after she has gone to bed. The pain is only one, though it may be the outstanding one, of a large and varied group of symptoms, including nervousness, palpitation, flushings, faintness, fatigue, praecordial hyperamsthesia, and irregular sighing respiration. The multiplicity of the symptoms, all of which are attributable to nervous exhaustion, clinch the diagnosis, and differentiate the condition from angina, in which these other symptoms are absent.
The treatment of this type of pain consists of attention to the general health, with adequate rest and relaxation. Some patients derive benefit from sedative drugs. The tendency to relapse is characteristic of this condition, as one might expect in view of the nervous "make-up " of the patient. The most important difference between angina and heartache, however, is that the latter does not affect the expectation of life.
(2) Angina.-(a) Progressive coronary stenosis: We now believe that angina is always due to a deficient blood-supply to the heart muscle-myocardial ischamia. In recent years, the pain of cardiac infarction has been clearly differentiated from that of angina of effort, by the recognition of the clinical syndrome of coronary occlusion. I cannot help feeling that there is a danger of this differentiation being carried too far. The two conditions often overlap. There is, to my mind, no more grave omen in angina than a rapid diminution in the patient's tolerance for exercise. The man who three months ago could walk a quarter of a mile and is now pulled up by pain in twenty yards, is, it is true, at the moment suffering from angina of effort, but I regard that man as a candidate for coronary occlusion. This clinical history points to a steady diminution in calibre of the coronary arteries, and for that reason I would suggest for this transitional condition the name " progressive coronary stenosis." Let me not be misunderstood. The point which I wish to make is that, although acute coronary occlusion is a distinct clinical entity, and although we meet with cases of pure angina of effort where, over a period of years, the patient's tolerance for exercise shows little tendency to diminish, we also meet with cases in which the one condition is leading up to the other. In these, coronary occlusion is the natural sequel to angina of effort.
(b) Acute coronary occlusion.-For patients suffering from cardiac infarction in whom the pain is severe, morphia is the only drug which will bring relief, and it must be given freely. Apart from the relief of pain, the principal immediate indication for treatment is to tide the patient over certain danger periods, when serious complications threaten life.
Let me now consider what these complications are, and what means we can adopt to avert them. Coronary occlusion may cause sudden death. Such a fatality is probably the result of ventricular fibrillation. To prevent this complication we are at present powerless. Secondly, in all but the very mild cases, myocardial infarction is followed by profound shock, resulting from the sudden fall in bloodpressure. This complication may render the patient's condition critical for twentyfour or forty-eight hours. Its treatment is that of surgical shock. Thirdly, in those who survive the initial period of shock, the infarct constitutes a weak spot in the heart wall, which may give way, with rupture of the ventricle. To guard against this complication, which may occur at any time during the second or third week following an attack of coronary occlusion, absolute rest is essential.
Many of those who escape these immediate dangers develop heart failure with venous engorgement, while all are liable to die in a second attack, since the underlying pathological conditions which predispose to thrombosis are still present. Experimental work on animals suggests that arteriosclerosis is due to a disorder of cholesterin metabolism. Whether by dietetic or other measures it may be possible, in the future, to retard its development, is a subject too speculative to consider to-day.
(c) Angina of effort.-In this condition the patient is free from symptoms provided he is content to take life quietly, but as soon as he attempts to accelerate he is pulled up by pain. The coronary circulation is adequate for the requirements of the body at rest, but lacks the reserve necessary to meet the further demands made upon it when the heart has to increase its output.
From the point of view of treatment, I regard it as important to distinguish between the primary pathological factors responsible for the production of myocardial ischmmia, and the secondary or accessory factors which tend to aggravate the condition.
By the primary factors, I mean such conditions as coronary obstruction, coronary spasm, a low coronary blood-pressure (in patients with free aortic regurgitation) or a deficient oxygen-carrying capacity of the blood (in profound anmmia). With the exception of coronary obstruction due to structural lesions, these conditions may in varying degree be relieved by appropriate treatment. The structural lesion determines the basal irreducible disability, to which the patient must adapt his mode of life.
Of extraneous factors which add to the heart's embarrassment, a hyper-excitable nervous system is the most important. The typical anginal subject is by no means a neurotic, nevertheless the nervous make-up varies considerably in different patients. The nervous factor may be considered from three aspects. In the first place, the threshold of sensitivity to pain varies in different individuals. Other things being equal, the limitations imposed on the patient's activities are much greater in the hyper-than the hypo-sensitive subject. Secondly, in the irritable " nervy " type of individual, an anginal attack may be precipitated by a relatively trivial emotional disturbance, since the detonating mechanism which fires off an attack lies dangerously near the suirface. Minor annoyances will, in him, suffice to produce an emotional storm adequate to provoke an anginal seizure; whereas, in the calm placid person a much more massive stimulus is required to bring on an attack. Thirdly, there is the element of anxiety. Angina is proverbially associated with sudden death. It is true that the fear of death is probably less potent now than it was before the war, for those who have so often seen death at close quarters realize that there is nothing to dread in death itself. Nevertheless they may still be loth to die because they will leave their dependents inadequately provided for. This anxiety factor, I believe, enters into every case of angina, and merits careful consideration and treatment.
We can do much to combat the nervous factor and thereby to reduce to a minimum the aggravation of the disease for which it is responsible. Bromides, luminal and other cerebral depressants will render the patient less liable to attacks, and the attacks less distressing when they do occur. Dr. Evans and Dr. Hoyle have shown that the cerebral depressants are the only group of drugs which, when given in a routine manner, reduce the frequency of attacks. The anxiety factor can only be treated effectively by a sympathetic and understanding physician, who can put himself in the patient's shoes and appreciate his difficulties.
Of the possible toxic factors, tobacco will serve as an example. Pure tobacco angina is, in my experience; rare, but the impairment of the tolerance for exercise produced by ex cessive smoking obviously reduces still further the already inadequate cardiac reserve of the patient on the verge of angina. The same is true of focal sepsis, and still more so of conditions like obesity. In obese subjects, apart from the impairment of exercise tolerance due to disordered metabolism, excessive weight itself imposes an increased burden on the damaged heart. Here we are dealing with a vicious circle. Obesity aggravates angina, angina limits exercise, and lack of exercise tends to increase obesity. To break this circle, diet, massage, and carefully graduated exercise are the principal weapons at our disposal.
This leads me to consider the whole problem of the r6le of exercise in the treatment of angina. That exercise is essential if one is to keep "in training" is a matter of common knowledge. By "training" I mean a high state of physical fitness. The tolerance for exercise in the patient with angina is considerably lower than in the healthy subject. Even when he is in perfect training, he cannot do much. His threshold for pain is set at a permanently low level, but it is just as easy for him as for a normal healthy person to get out of training. His tolerance for exercise will then be still further reduced. Our object in treatment, therefore, should be to make sure that he is getting sufficient exercise to keep himself as fit as possible. This raises the question of how much exercise he should be allowed to take. When a boat's crew goes into training, very little is attempted during the first few weeks, and it is not until near the end of the training period that the full course is attempted. Similarly with our patient, we must feel our way very carefully, and regard the least sign of distress as an indication that we are trying to force the pace unduly. Starting with walking slowly for a short distance on the level, we may gradually increase both distance and, pace, and, in favourable cases, may even work up to ascending gradients, provided that this can be accomplished without symptoms of distress.
Finally, having got our patient " into training " by graduated exercise, by the elimination of septic foci, and where necessary by a reduction in weight, we must endeavour to consolidate the gains which we have made. Here, certain rules may be laid down for his guidance. First, he must never attempt any exertion which he has found by experience brings on the pain. Secondly, he must set the pace himself and not attempt to keep up with others fitter than himself, and thirdly, he must lead a regular life and adapt his daily programme to the limitations of his damaged heart.
Second only in importance to exercise in the treatment of angina, is rest, both mental and physical. Here again we have difficult ground to tread. While an initial period of three or four weeks' complete rest in bed may be beneficial in a patient who, in spite of treatment, has been having frequent and severe attacks, an occasional day in bed may suffice for the less advanced case. It is, however, important to remember that mental anxiety may outweigh the physical benefit if, in those who cannot afford to be idle, the period of enforced absence from work be unduly prolonged. The psychological factor must always be taken into account.
A high blood-pressure adds greatly to the burden of the damaged heart in a patient with angina. This, however, I am inclined to regard as an aggravating, rather than a causal, factor in angina, for many patients with high blood-pressure never suffer from cardiac pain. We may regard the cardiac reserve as the credit balance of the cardiac budget. A high blood-pressure increases the working expenses, and thereby reduces the profits. In other words, it reduces the reserve available to meet the demands of increased physical exertion.
I have not referred to the surgical treatment of angina, because I regard it as still in the experimental stage. Complete thyroidectomy has been performed in a considerable number of cases with promising results. Operations such as sympathectomy serve to relieve the pain, but whether these procedures are justified appears to me doubtful for the reason that the pain in angina is a danger signal. It warns the patient when he is overtaxing his heart; and, if we relieve the pain without eradicating the cause of the disease, we may be removing an important safeguard which prevents him overtaxing his heart.
In conclusion, let me summarize my ideas regarding the therapeutic possibilities in the treatment of angina of effort in the form of a diagram (p. 80).
In the normal healthy subject (I), the cardiac reserve (A-E) far exceeds the basal resting requirements of the body (E-F). In the patient suffering from angina (II), on the other hand, the cardiac reserve (C-D) is greatly reduced. The reduction is in part attributable to impaired efficiency of the heart itself (A-C). This depends on various factors, of which the most important is insufficiency of the coronary circulation (A-B). Structural changes in the coronary arteries and in the myocardium, are unfortunately of a permanent nature and therefore beyond the scope of therapeutic measures. As I have previously pointed out, however, the nervous factor is of great importance in determining not only the sensitivity to pain but also the liability to attacks. This can be, in part at least, controlled by cerebral depressants. Similarly we may eliminate toxic factors affecting the myocardium-sLch, for example, as tobacco and focal sepsis. By this means the I I1 m patienit wxith angina before treatmenit; anid III, the same patienit after treatmlient.
TIi coluimins II aind III the various factors whichi liiimit the cardiac reserve in the ainginal patienit are inidicated. This lim-itationi is duie in part (D-E) to an inicreased basal requiirement and an iincreased cardiac load, aind in part (A-C) to iimipaired imiyocardial efficienlcy. efficiency of the danmaged heart can be increased from D-C to D-C'. We may likewise hope, by suitable treatment, to lighten to some extent the burden imnposed upon the heart by such factors as obesity and high blood-pressure, thereby increasing the cardiac reserve from C-D to C-D'. That marks the limit of possible therapeutic achievement. When it hias been attained the patient must be contenlt to adapt his mlode of life to his reduced exercise tolerance. C'-D'.
Briefly, our aim in treatment of such cases is to enable the heart to balance its budget by (1) Increasing its assets, (2) reducing its liabilities, and (3) adapting the patient's mode of life to the capacity of his damagedl heart.
Dr. Clifford Hoyle: The1 (druqy treatmenzt.-There has been no gener(al agreement on the best routine treattment and scarcely any attempt to compare the relative values of the many drugs that have been recommended for angina of effort. Opiniorn has often been based upon a few and uncontrolled observations. MIany of the older reports are valueless because of the confusion which then existed between angina of effort and coronary thrombosis. The separation of these two conditions lhas now led to a tardy recognition of a better outlook in angina of effort, wit,h a r'evival of interest in its medicinal relief.
An investigation into the drug treatment of angina pectoris of effort was recently made in the Cardiac Department of the London Hospital, at the suggestion of Dr. John Parkinson, by Dr. WV. Evans and mnyself.'
The investigation occupied about three years, and it was concerned with two main problems to (letermine the comparative value of (1) drugs used in the continuous treatment of angina pectoris, and (2) drugs used for the relief of individual attacks and for their immediate prevention. A systematic test was made of those medicinal remedies with any claim to be applied in treatment.
(1) Continuous treatment.-For the investigation on continuous treatment our series consisted of 90 patients. Syphilitic angina pectoris was excluded and all in this series had a negative Wassermann reaction. We believe that if reliable results are to be obtained and if confusion is to be avoided, the type of case selected for study should be clearly defined. All the patients in the series had angina pectoris of effort, characterized by recurrent attacks of substernal pain, which frequently spread across the chest, or through to the back, or radiated down one or both arms. Attacks were always determined by physical exertion. In some they occurred with emotion and in a few at night, but only where physical movement would bring on the pain just as readily. With these exceptions, attacks never occurred when the patients were at rest. They were always relieved by rest, and individual attacks varied from a minute up to one hour.
The most difficult problem in devising a plan of observation on treatment was to provide adequate control. With this object we adopted a scheme of treatment with placebo. Spontaneous variation in the severity of the pain, and occasionally the tendency to periods of relative freedom from attacks (remissions), had both to be considered, as well as other influences. As an initial control, one of two placebos 1 was prescribed for a fortnight at the first attendance. Patients were instructed to make personal records of each attack, noting the nature of the exertion which had induced the pain, and the duration of the several attacks when rest was the only treatment accorded. Later, between trial periods of active drugs, further control periods of two, four, or more weeks were introduced. All patients were ambulatory; they visited the clinic at fortnightly or monthly intervals. In order to avoid mental suggestion, the drugs were prescribed in a mixture form whenever possible, and a simple colouring agent added where necessary. The following drugs were tested: sodium nitrite, mannitol hexainitrate, erythrol tetranitrate, potassium iodide, luminal, chloral, morphine, papaverine, phenacetin, diuretin, calcium diuretin, euphyllin, belladonna, digitalis, lacarnol, and harmol. In deciding the dosage of individual drugs the full effects were sought for, and often doses greater than usual were prescribed. Care was taken in arranging the order in which these drugs were prescribed so as to avoid giving two important drugs over consecutive periods, and an intervening period was often allotted, during which the patient was given a placebo.
Results.-Apart from confusion with coronary thrombosis, the most important factor which has hindered progress in treatment has been disregard of the natural variations or, even remissions, which occur in the course of the disease. We believe that this explains why most remedies have appeared to produce good results on occasions. It has been known that remissions occur, but we have not found in the literature any exact statement as to their frequency and duration, when assessing the apparent good results obtained with certain drugs.
In 66 patients in our series who received placebo treatment only for a month or longer, 18 (27%) showed great improvement (i.e. a reductioni of more than 50% in the number of attacks), and 7 (10* 5%) showed moderate improvement (i.e. a reduction of less than 50% in the number of attacks). In the case of the active drugs, 9 of the 13 proved less efficacious than a placebo in reducing the frequency of the attacks (Table I, majority, a placebo was the first medicine to be given, so that mental suggestion may well have added bias in its favour. Secondly, placebo treatment was repeated more often than any single active drug, so that it coincided more frequently with a natural remission. Although placebo treatment may not actually deserve first place because of these fallacies, none of the active drugs claimed precedence over it. Chloral, morphine, papaverine and phenacetin had a trifling, though scarcely convincing, effect in controlling the group incidence and severity of attacks. If any drug had provided improvement greater than another and to a distinctive degree, we should have accepted this as evidence of its value in continuous treatment, but such improvement never occurred. We were unable to convince ourselves that any drug tested is worthy even of trial for this purpose. Though llot widely applicable, a drug might of course be effective in individual cases, and examples were sought for, but, with a few exceptions, were not found. (2) Prevention and treatment of individual attacks.-The previous negative results emphasized the need for a more general use of vasodilators in the management of individual attacks. Yet here too there is no agreement in the literature upon the comparative value of the various remedies.
For this part of our investigation the series was increased to 122 patients, and included 25 in whom the angina was due to syphilis.
The following drugs were tested: glyceryl trinitrate (trinitrin) in tablets, in the 1% alcoholic solution, in solution in oil, and also as proprietary preparationsnatirose dragees (Nativelle), nitrolingual capsules (Pohl), and trinitrine caf6in6e pills (Dubois); amyl nitrite, sodium nitrite, brandy, chloroform, and carminatives.
It is first necessary to discuss two important questions which were found to decide largely the efficient action of glyceryl trinitrate tablets, namely their keeping properties on storage, and their absorption.
Assay of glyceryl trinitrate (trinitrin) tablets: Glyceryl trinitrate tablets with either chocolate or lactose base were used. They were made by the hospital dispensary or by a manufacturing firm, and tablets containing gr. (0-0006 grm.), 5-N gr. (0-0012 grm.), Bg gr. (0-0024 grm.), or gr. (0 005 grm.) were used. We wished to know that the tablets as prepared in bulk actually contained the specified amount of the drug, and also whether they deteriorated when stored. Unequal distribution of the drug in the tablet mass during manufacture or loss of activity by chemical change or volatilization during storage might each render them inert. There was no evidence bearing upon either of these problems, because no method has been available for the assay of glyceryl trinitrate sufficiently sensitive to estimate accurately the minute quantity present in single tablets. It is true that occasional reference has been made to deterioration of the tablets, but this has been based only upon a therapeutic ineffectiveness. Mr. C. H. Sykes, Ph.C.,1 pharmacist to the hospital, devised a method of estimating small quantities of glyceryl trinitrate which can be trusted for the assay of single tablets. The method depends upon the colorimetric comparison of the blue colour produced by the action of diphenylamine on glyceryl trinitrate with a standard obtained by its action on potassium nitrate. Assay showed that there was little variation in the strength of the tablets taken from batches freshly prepared and stored in screw-capped bottles or corked containers. All tablets manufactured in bulk which were examined contained between 80% and 100% of the estimated amount of glyceryl trinitrate, so that there is no appreciable error involved in the methodof manufacture. There was, however, considerable variation in the strength of the tablets taken from constantly opened bottles after storage for six weeks or longer; a proportion of the tablets contained only 70% of their supposed content of glyceryl trinitrate. The tablets deteriorated markedly when they were stored for a long period, especially if they were in open containers. One batch, after storage for eight months in an open container at room temperature, contained only 30% to 70% of the correct amount of glyceryl trinitrate in each tablet, and only one out of six examined contained more than 50% of the proper dose. The tablets also deteriorated markedly when exposed to heat.
Absorption ofglyceryl trinitrate (trinitrin).-The second factor which affects the action of glyceryl trinitrate relates to its absorption. Difference of opinion on the value of glyceryl trinitrate has led to doubt whether the drug is absorbed effectively from the stomach. Janeway 2 was the first to emphasize the importance of correct administration. He insisted that tablets of the drug should be taken on the tongue and not swallowed, because absorption from the mouth was more rapid than from the stomach, though he did not give supporting evidence. In 1923, Grossman and Sandor3 reviewed the therapeutic action of glyceryl trinitrate, and pointed out that although its prompt effect as a vasodilator was well established, there was no unanimity regarding the best method of administration or the most suitable dose. They compared the effects of an alcoholic solution of the drug upon the pulse and blood-pressure, when absorbed from the mouth and when given by a stomach or duodenal tube. The method of administration decided the extent to which tachycardia and fall in blood-pressure occurred. These effects were produced quickly when absorption took place in the mouth; they were much less evident and delayed when the drug was swallowed, and were almost absent when the drug was introduced directly into the stomach or duodenum. The same differences were observed with the tablets. Soft tablets which dissolved readily in the mouth acted much more effectively than those which were swallowed; the latter had an uncertain effect or none at all. They did not find any essential difference in the action of an alcoholic solution and the tablets. The deciding factor in the rapidity and extent of the action of the drug was the time allowed for absorption from the buccal mucous membrane. Although previous clinical experience had already suggested the practical importance of this detail of administration, it appears to have received no further attention in the literature. We were able to confirm their results completely.4 The practical importance of these results is that the anginal patient must chew glyceryl, trinitrate tablets thoroughly to ensure rapid therapeutic action from immediate absorption of the drug from the mouth. If the tablets are swallowed whole, or broken in the mouth and then swallowed quickly, they are of slight or no value in treatment. Sykes, C. H., Pharmaceut. Journ., Lond., 1933, cxxxi, 267. Janeway, T. C., Trans. XVIIth Internat. Congress Med. London, 1913, Sect. V, Part I, 1. a Grossman M., and Sandor J., Klin. Wchnschr., Berlin, 1923 , ii, 1833 Evans, W., and Hoyle,C., Quart. Journ. Med., 1934, xxvii, 105. 
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The scheme of therapeutic observations was similar to that already used in the investigations upon continuous treatment. While attending the department each patient made personal records of every attack, and details were noted of the severity and duration of attacks and the nature of the exercise which had induced pain. Particular attention was directed to the duration of the attacks when rest was the only treatment. This standard was subsequently used when comparing the effects of the various remedies in the same individual. The effectiveness of each drug in preventing the onset of an expected attack was then studied similarly. Patients had to record the prophylactic effect of a drug when taken immediately before an exercise which habitually induced pain, and to compare their freedom from pain, when walking measured distances, both without and with the aid of a drug. These were supplemented by our own observations in a few particular patients. The results are again discussed in four groups, indicating the clinical response as shown by a decrease in the number of attacks when compared with control observations during which no drug was taken to prevent pain.
Results. There is general agreement that vasodilators, and especially nitrates, are the best means of relieving individual anginal attacks. The literature shows that choice of various methods of administration is not based upon exact knowledge of their comparative values. Valuable data were collected by several observers some fifty years ago, but usually they related only to a particular drug tried in a few patients, and some of these were the subjects of coronary thrombosis.
In deciding the comparative value of vasodilators, not only has the extent to which they relieve individual attacks to be considered, but also their power to prevent pain, and their freedom from disagreeable effects. In addition, the keeping properties, the readiness for use, and the price of the drug have all to be considered.
We found that glyceryl trinitrate in tablet form was by far the best remedy on all counts, provided that it was absorbed from the mouth (Tables II and III) . The tablets rarely fail to relieve attacks effectively when they are used correctly; 86% (10) (90) (105 in 122) of the patients in our series obtained rapid and complete relief, and a further 11% (13 in 122) were relieved to a lesser degree. The necessary dose varied within comparatively narrow limits and rarely exceeded 1/50 gr. (0x0012 grm.). The tablets seldom produced severe unpleasant symptoms, which troubled only 165%
(2 in 122) of the patients. They are convenient to carry, so that they are always available and are easy to take in attacks. They are also the cheapest of all remedies. Tablets with a lactose basis dissolve readily on the tongue and, as chewing is not necessary, they are invaluable for edentulous patients or for those for whom even the exertion of chewing a chocolate tablet is difficult during a severe attack. They also keep as well, do not deliquesce, are easier to assay, and retain their potency at least as well as those with a chocolate basis. As either kind of tablet deteriorates after a time, some control of the conditions of sale and storage is desirable.
The relief of attacks by glyceryl trinitrate is perhaps of less importance than its use for their prevention (Table III ). In our series of patients the drug in tablet form almost always prevented pain when taken immediately before exertion. Eightyfive per cent. (61 in 72) of patients who used the tablets in this way obtained great benefit, and a further 12 ' 5% (9 in 72) moderate benefit. This degree of improvement is superior to any which occurred spontaneously or was derived from remedies used in the investigation of continuous treatment. Whether the incidence of attacks may be controlled better by administering glyceryl trinitrate at short fixed intervals, such as every hour or so, than by allowing patients to take the drug as need arises, must be decided for each individual case. When attacks cannot be predicted with certainty, frequent regular administration sometimes has advantages, but general symptoms from the drug may then occur. Some patients who took glyceryl trinitrate every hour during the day were free from attacks, though previously there had been upwards of six a day. Most patients can predict attacks, however, and they then derive a greater benefit from a discriminate, rather than a regular, administration. Moreover, disagreeable general symptoms are exceptional, and none of our patients gave up this method of prevention because of them.
A fundamental question is whether the artificial prevention of expected anginal pain is dangerous or not. In our series many patients used glyceryl trinitrate for the prevention of pain continuously for as long as two or three years, and often undertook physical exertion which previously had been impossible. Yet harmful effects were never met and no death occurred which could be attributed to the drug. With the use of glyceryl trinitrate tablets for the relief and prevention of attacks, 52 out of 122 patients were able to continue with their work in relative comfort. We concluded, therefore, that physical exertion may be permitted to most anginal patients, instead of the rest and inactivity which has been thought to be so imperative. If patients are able to take physical exercise or to follow-their usual occupation in comfort, through the preventive use of vasodilators, then we believe that they should be permitted-and in proper cases encouraged-to do so.
Other drugs.-Nitrite administered in other ways did not give the same good results as glyceryl trinitrate tablets. The latter drug given in other forms was the next best remedy, but these cannot be recommended for general use. The alcoholic liquor glyceryl trinitratis (B.P. 1932) relieved anginal attacks quickly in rather more than half the cases only (Table II) , and it compared unfavourably with the tablets, because it cannot be administered so quickly. It is also inconvenient to carry. These disadvantages preclude its regular use in treatment. Glyceryl trinitrate in oily solution failed to give any degree of relief in one-half the cases. None of the proprietary preparations of glyceryl trinitrate, namely natirose dragees (Nativelle), nitrolingual (Pohl), and trinitrine caf6in6e pills (Dubois), gave results as good as the tablets, and as they are much more costly they have no claim to preference.
Amyl nitrite proved much less effective than glyceryl trinitrate tablets in relieving attacks and was valueless for their prevention (Tables II and III) .
Commonly it caused unpleasant general symptoms (marked in 76% (48 in 63)) and none of 56 patients could be persuaded to continue using it after a just trial. Amyl nitrite cannot claim more than a minor place in routine treatment, and should be used only by those exceptional patients who do not obtain rapid relief from glyceryl trinitrate. Sodium nitrite, chloroform, brandy, and carminatives were also much inferior to the latter.
Conclusions.-The main conclusions of this investigation therefore were that:
(1) None of the drugs used to reduce the number of attacks of angina of effort by continuous administration proved to have any value. They have no place in routine treatment.
(2) Glyceryl trinitrate in tablet form is the most effective remedy for the relief of individual attacks and for their immediate prevention. It may be used freely, but to be effective absorption must be allowed to occur from the mouth, and the tablets must be reasonably fresh.
(3) The prevention of attacks by a discriminate use of glyceryl trinitrate not only is safe, but allows anginal patients a fuller life of physical and mental activity than they can otherwise attain.
Dr. E. Stolkind said that he was very glad that Dr. Cotton and Dr. Bramwell agreed with his (the speaker's) theory of the pathogenesis of angina pectoris.'
This theory was of great importance from the standpoint of treatment. According to it the attack of angina pectoris was brought on by a complex of three interwoven factors. Under the combined influence of (1) biochemical substances (products of abnormal secretions, metabolites, electrolites, etc.), and (2) pathological 1E. Stolkind, "Angina pectoris: Its pathogenesis," Brit. Journ. Children's Dis., 1928, xxv, changes of every type and degree (in the coronary arteries, heart and aorta), the " original noxious irritation " began in the heart or aorta (or probably in both), and was transmitted (3) through the cardiac plexus by the connecting nerve-filaments, and, through the sympathetic and vagus, reached the central nervous system 'the cortex (some attributed the pains to the thalamus opticus). Thus these three factors (A) biochemical, (B) nervous, and (C) heart and aorta formed a circular " chain " or circuit. A complex which might be expressed algebraically by the formula A + B + C. Whenever the combined effect of this "chain" reached a certain fixed degree (e.g. when A + B + C equalled about 100-the individual factors might vary) there would be an attack of angina pectoris, i.e. the " circuit " must be closed. For instance, one of the three factors might become very pronounced and produce a strong stimulus, and the others be present in a sufficient deqree, e.g. when embolism or thrombosis of the coronary arteries occurred and the ' circuit" was closed; then in one case (when A + B + C equalled 100) there would be a typical attack of angina pectoris, while in another, when this degree was not reached (e.g. when A + B + C equalled only about 75) or when the heart was much diseased, only signs of heart failure were present.
The study of Pavlov's conditioned reflexes sufficiently explained the frequent recurrence of anginal attacks in patients. For instance, Dr. John Hunter used to say that any scoundrel could provoke in him (Hunter) an attack of angina pectoris by upsetting him. In such cases the nervous factor produced a strong stimulus, and the " circuit" occurred. In a patient of Leriche the electric stimulation of the left stellate ganglion caused intense pain and oppression in the prwcordial region and the first two or three intercostal spaces. The pain and oppression subsided at once after injection of novocain into the same ganglion. He (Dr. Stolkind) had collected from the literature cases of coronary thrombosis in which a post-mortem examination had been made. From these cases, as well as from his own, he concluded that in some cases of coronary thrombosis there were attacks of angina pectoris of short or long duration (status anginosus); in some cases only attacks of cardiac asthma occurred. In others there were only symptoms of increased dyspncea and cyanosis; especially was this so when there was myocardial degeneration. It sometimes happened that, when the coronary thrombosis occurred slowly, the patient did not complain of heart trouble.
He was convinced that dental or other focal sepsis had no influence in causing the attacks of angina pectoris. The craze for extraction of all the teeth in patients suffering from angina pectoris or from any diseases of the circulatory or any other system only did harm to the patient. People had died as a result of the unnecessary extraction of their teeth.1
